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TiO, Nanotube Arrays Electrode Prepared by Anodic Oxidation and Its

Photoelectrochemical Properties

LI He, YAO Su-Wei, ZHANG Wei-Guo, WANG Hong-Zhi, BEN Yu-Heng

(SUGIYAMA Laboratory of Surface Technology, School of Chemical Engineering and Technology, Tianjin Univer-
sity, Tianjin 300072, China)

Abstract: TiOs nanotube arrays photoelectrodes were fabricated by anodic oxidation on a pure titanium
sheet. The morphology and structure of the ‘nanotube arrays were characterized by SEM and XRD.
Oxidation parameters for preparation were investigated. The photoelectrochemical properties of the TiOq
nanotube arrays electrodes were-evaluated by steady-state photocurrent response. The results show that
the vertical oriented TiO5 nanotube arrays.can be obtained at 20V for 30min in 1wt% HF solution. And
the aperture size of nanotubes is about-90nm and the thickness of tube wall is about 10nm. The structure of
nanotube arrays.is-a mixture of anatase and rutile through annealed at 600°C. The results of photoelectric
testing show. that photoelectrochemical properties of TiO5 nanotube arrays electrode annealed at 600°C
are optimum. Compared with TiO2 nanoporous films, the properties of the TiO, nanotube arrays are

enhanced remarkably.
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TiOy YK TE Ti Bk B HRAK, ARifiETF Ti
F R ] 45 TiO QUK M H A Foe b2 ae i
WL AR D TLRGE . A TAER A AR S RS8R
il —REE S, HEFHNE TiO, 44K 48 &
F, FIHAE#E 7 B8 (SEM) Ml X 5207 5L
(XRD) Xt 40 KA W51 (1 B 55 F 465 M) 33647 3R AE, T4
5% T BHAR S AL L L R A VR MR B R S R I ()56 T
SEEEESA R, I8 56 B3 A 5 o pr
T % TiOo 44K 14 5] B A 19 O H Ak 22 e 1

2 ERFE

2.1 TiO; K EREF|EYHIE

SL9e R A EKE (B EE N 0.1mm) 26 BE K 99.5%,
F BT AL 6cmx lem, IR FEITHLMIL G, PIERE A 1L
2B 30min | AL 2EHDE 10min, #1564 H HE:
HNO3: HoO=1:4:5(fK 1), MR )5 H] 25 85 1K e fr
M. =21/, HEMAEX Bk, 78 HEF 5 g i il
AEBEN TS TR AR, AR
KRS, RV SEEE, BrEmE T XE K
rIR . TR NS B A e T IR K AL B
FHRHE FE 10°C/min, {87 2h J5, B HAZZRAE
F| Ti Z TiO2 ZHKA 14 51106 B A .
2.2 S ERIRRIE

TiOy AKX 5] 1 i BUAI 254 R B} PANALYT-
ICAL /A &l fl§ X' Pert Pro Bl X 8 2 A7 51X (XRD) %
ik, Co #! Ko ¥ 5t, 4 &k 40kV, & H 7 40mA, 5
W75 B 20° ~80°, 3 A Scherrer 22 F i+ H TiO, 1
YRR RS D = 0.89M/Bcost, A D i it 19 -
B oh RS (nm), A O X £ (0.17890nm), 5
Y m TEE (rad), 0 MATH A (°), TiO2 Z5H &40 4
BUPEE IR ARXT . Xr = (1+0.8Ia/Ir)7 ",
Kb Xp HEL0A BE b BB, Ta Bk 2
TiOo (4 [101] A7 T AYIREE, Ir NEL A AL TiO,
(1 [110] 477 5 (4 5 B8, SR THUE $i @ i TESCAN 22
A VEGA TS-5130SB Bl #§ 8 T B % 5% (SEM)
EE.
2.3 LR LFEMRRNIRK

6 RE M AR A H 0 LM = AR R

HEFT,  TiOo/Ti K51 e A AE Ky TAE B Al (T AX
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B 1 AREWET TiO: #IKE KSR SEM M
Fig. 1 SEM photographs of TiO2 films anodized in 0.5wt% HF solution with different voltages
(a) 10V; (

T

B 2 AEEMBRKET TiO: K& M H SEM B
Fig. 2 SEM photographs of TiO; films anodized at 20V with different electrolyte concentration

(a) 0.2wt%; (b) 1.0wt%; (c) 2.0wt%
. “ "‘

Bl 3 AS[E] SR i [6] i 4 9 TiO2 Y
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Fig. 3 SEM photographs of TiO2 films anodized at 20V in 0.5wt% HF solution with different reaction time

(a) 10min; (b) 50min
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Table 1 Phase composition and average grain size of the TiO2 nanotube arrays

Sample Calcination Crystallite size Crystallite size Rutile by
temperature/°C of anatase/nm of rutile/nm XRD/%
a As-fabricated — — 0
b 400 17.45 — 0
c 500 17.83 18.04 14.85
d 600 18.48 19.01 47.70
e 700 — 23.42 100

TEEALVIE, A GEMEER, WEE SN W #E1T,
B R EA R B SR R - X —
B — R - R - % - KBl - R - &
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4 TiOz PKE IR XRD i
Fig. 4 XRD patterns of TiO2 nanotubes arrays
annealed at different temperatures

(a) As-fabricated; (b) 400°C; (c) 500°C; (d) 600°C
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Fig. 5 Photocurrent against potential for TiO2

nanotube arrays electrodes annealed at different

temperatures
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Fig. 6 Photocurrent against potential of TiO2
nanotube arrays electrode and nano-porous films

electrode
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R T WFEE TiO2 9K% 51 Ha AR B 6 FE AL 22
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KEHK, 2924 10.67TpuA-cm— 2. TiOy 49K E (451
LA L TG 7 2 L B A S 7R H B 4 0 Ot L e e
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TR R, X Al 3 6 AR 2R T W & B R k>,
BERE A JLE.

4 ik
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10nm, [ 5 @ & B 2905 500nm. &3 W 5% 144
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30min. £ 400°C JB K ALF S, TiOo 40K5E Mg K
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B R R TR, SLek AL L5 Bl 5 A R & 4L
AREIZER, 2 600°C iR K ALFRJR, TiO, 40K M
P NS B S &0 A RKIREEw, Hids
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PEREMIR 45 R FE W, 2 600°C B Kk kb FE A TiO, 44
KA RS AR e A = RE e AE, 5 TiO, 44k
ZIL B, Stk RIRRE.
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